The masses of the heavy tetraquarks with open charm and bottom are calculated within the diquark-antidiquark picture in the framework of the relativistic quark model. The dynamics of the light quarks and diquarks is treated completely relativistically. The diquark structure is taken into account by calculating the diquark-gluon form factor. New experimental data on charmed and charmed-strange mesons are discussed. Our results indicate that the anomalous scalar D * s0 (2317) and axial vector D s1 (2460) mesons could not be considered as diquark-antidiquark bound states. On the other hand, D s (2632) and D * sJ (2860) could be interpreted as scalar and tensor tetraquarks, respectively. The predictions for masses of the corresponding bottom counterparts of the charmed tetraquarks are given.
The masses of the heavy tetraquarks with open charm and bottom are calculated within the diquark-antidiquark picture in the framework of the relativistic quark model. The dynamics of the light quarks and diquarks is treated completely relativistically. The diquark structure is taken into account by calculating the diquark-gluon form factor. New experimental data on charmed and charmed-strange mesons are discussed. Our results indicate that the anomalous scalar D * s0 (2317) and axial vector D s1 (2460) mesons could not be considered as diquark-antidiquark bound states. On the other hand, D s (2632) and D * sJ (2860) could be interpreted as scalar and tensor tetraquarks, respectively. The predictions for masses of the corresponding bottom counterparts of the charmed tetraquarks are given. s π violate isospin symmetry. The peculiar feature of these mesons is that they have masses almost equal or even lower than the masses of their charmed counterparts D * 0 (2400) and D 1 (2427) [2] [3] [4] . Most of the theoretical approaches including lattice QCD [5] , QCD sum rule [6] and different quark model [7, 8] calculations give masses of the 0 + and 1 + P -wave cs states significantly heavier (by 100-200 MeV) than the measured ones. Different theoretical solutions of this problem were proposed including consideration of these mesons as chiral partners of 0 − and 1 − states [9] , cs states which are strongly influenced by the nearby DK thresholds [10] , DK or D s π molecules [11] , a mixture of cs and tetraquark states [12] [13] [14] [15] [16] . However the universal understanding of their nature is still missing. Therefore it is very important to observe their bottom counterparts. The unquenched lattice calculations of their masses can be found in Ref. [17] . Another unexpectedly narrow charmed-strange meson D s (2632) was discovered by SE-LEX Collaboration [18] . Its unusual decay properties triggered speculations about its possible exotic origin [1] . However, the status of this state remains controversial since FOCUS [19] , BaBar [20] and Belle [21] reported negative results in their search for this state.
Three other charmed-strange mesons D s1 (2710), D * sJ (2860) and D sJ (3040) were discovered at B-factories by Belle and BaBar [22, 23] . Not all of them could be simply accommodated in the usual cs picture. Their decay pattern implies that D * sJ (2860) should have natural parity, while D s1 (2710) and D sJ (3040) should have unnatural parity. Our recent calculation of the heavy-light quark-antiquark meson spectra [24] Their mass values are in a good agreement with the results of our model. We summarize our predictions for the masses of the cq (q = u, d) and cs mesons in Table I and confront them with the available experimental data [4, 25] . As it is clearly seen there are indications of the possible existence of the exotic states especially in the charmed-strange sector.
In our papers [26, 27] we calculated masses of the hidden heavy-flavour tetraquarks and light tetraquarks in the framework of the relativistic quark model based on the quasipotential approach in quantum chromodynamics. Here we extend this analysis to the consideration of heavy tetraquark states with open charm and bottom. This study could help in revealing the nature of the anomalous charmed-strange mesons.
As previously [26, 27] , we use the diquark-antidiquark picture to reduce a complicated relativistic four-body problem to two subsequent more simple two-body problems. The first step consists in the calculation of the masses, wave functions and form factors of the diquarks, composed from light and heavy quarks. At the second step, a tetraquark is considered to be a bound diquark-antidiquark system. It is important to emphasize that we do not consider the diquark as a point particle but explicitly take into account its structure by calculating the form factor of the diquark-gluon interaction in terms of the diquark wave functions.
II. RELATIVISTIC MODEL OF TETRAQUARKS
In the quasipotential approach and diquark-antidiquark picture of heavy tetraquarks the interaction of two quarks in a diquark and the diquark-antidiquark interaction in a tetraquark are described by the diquark wave function (Ψ d ) of the bound quark-quark state and by the tetraquark wave function (Ψ T ) of the bound diquark-antidiquark state, respectively. These wave functions satisfy the quasipotential equation of the Schrödinger type [28] 
where the relativistic reduced mass is
and E 1 , E 2 are given by
Here, M = E 1 + E 2 is the bound-state mass (diquark or tetraquark), m 1,2 are the masses of quarks (q and Q) which form the diquark or of the diquark (d) and antiquark (d ′ ) which form the heavy tetraquark (T ), and p is their relative momentum. In the center-of-mass system the relative momentum squared on mass shell reads
The kernel V (p, q; M) in Eq. (1) is the quasipotential operator of the quark-quark or diquark-antidiquark interaction. It is constructed with the help of the off-mass-shell scattering amplitude, projected onto the positive-energy states. For the quark-quark interaction in a diquark we use the relation V= V/2 arising under the assumption of an octet structure of the interaction from the difference in theandcolour states. An important role in this construction is played by the Lorentz structure of the confining interaction. In our analysis of mesons, while constructing the quasipotential of the quark-antiquark interaction, we assumed that the effective interaction is the sum of the usual one-gluon exchange term and a mixture of long-range vector and scalar linear confining potentials, where the vector confining potential contains the Pauli term. We use the same conventions for the construction of the quark-quark and diquark-antidiquark interactions in the tetraquark. The quasipotential is then defined as follows [7, 26] .
(a) For the quark-quark (Qq) interactions, V (p, q; M) reads
with
. Here, α s is the QCD coupling constant; D µν is the gluon propagator in the Coulomb gauge,
and k = p − q; γ µ and u(p) are the Dirac matrices and spinors,
with ǫ(p) = √ p 2 + m 2 . The effective long-range vector vertex of the quark is defined by [7] 
where κ is the Pauli interaction constant characterizing the anomalous chromomagnetic moment of quarks. In configuration space the vector and scalar confining potentials in the nonrelativistic limit [28] reduce to
where ε is the mixing coefficient.
where d(P )|J µ |d(Q) is the vertex of the diquark-gluon interaction which takes into account the finite size of the diquark
. The diquark state in the confining part of the diquark-antidiquark quasipotential (11) is described by the wave functions
for a scalar diquark,
where the four-vector
is the polarization vector of the axial-vector diquark with momentum p,
, and ε d (0) = (0, ε d ) is the polarization vector in the diquark rest frame. The effective longrange vector vertex of the diquark can be presented in the form
for an axial-vector diquark.
Here, the antisymmetric tensor Σ ν µ is defined by GeV have values typical in quark models. The value of the mixing coefficient of vector and scalar confining potentials ε = −1 has been determined from the consideration of charmonium radiative decays [28] and the heavy-quark expansion [29] . The universal Pauli interaction constant κ = −1 has been fixed from the analysis of the fine splitting of heavy quarkonia 3 P J -states [28] . In this case, the long-range chromomagnetic interaction of quarks vanishes in accordance with the flux-tube model.
Since we deal with diquarks and tetraquarks containing light quarks and diquarks, respectively, we adopt for the QCD coupling constant α s (µ 2 ) the simplest model with freezing [30] , namely α s (µ 2 ) = 4π
where the scale is taken as µ = 2m 1 m 2 /(m 1 + m 2 ), the background mass is M B = 2.24 √ A = 0.95 GeV [30] , and the parameter Λ = 413 MeV was fixed from fitting the ρ mass [31] . Note that the other popular parametrization of α s with freezing [32] leads to close values. 
III. DIQUARK AND TETRAQUARK MASSES
At the first step, we calculate the masses and form factors of the heavy and light diquarks. Since the light quarks are highly relativistic a completely relativistic treatment of the light quark dynamics is required. To achieve this goal, we closely follow our consideration of diquarks in heavy baryons and adopt the same procedure to make the relativistic potential local by replacing ǫ 1,2 (p) = m (1) with the complete relativistic potential, which depends on the diquark mass in a complicated highly nonlinear way [33] , we get the diquark masses and wave functions. In order to determine the diquark interaction with the gluon field, which takes into account the diquark structure, we calculate the corresponding matrix element of the quark current between diquark states. Such calculation leads to the emergence of the form factor F (r) entering the vertex of the diquark-gluon interaction [33] . This form factor is expressed through the overlap integral of the diquark wave functions. Our estimates show that this form factor can be approximated with a high accuracy by the expression
The values of the masses and parameters ξ and ζ for light and heavy scalar diquark [· · ·] and axial vector diquark {· · ·} ground states were calculated previously [26, 33] and are given in Table II .
At the second step, we calculate the masses of heavy tetraquarks considered as the bound states of a heavy-light diquark and light antidiquark. For the potential of the S-wave ( L 2 = 0) diquark-antidiquark interaction (11) we get [27] 
whereV
r is the Coulomb-like one-gluon exchange potential which takes into account the finite sizes of the diquark and antidiquark through corresponding form factors F 1,2 (r). Here, S 1,2 are the spin operators of diquark and antidiquark. In the following we choose the total chromomagnetic moment of the axial-vector diquark µ d = 0. Such a choice appears to be natural, since the long-range chromomagnetic interaction of diquarks proportional to µ d then also vanishes in accordance with the flux-tube model.
The resulting quasipotential equation with the complete kernel (18) is solved numerically without any approximations.
IV. RESULTS AND DISCUSSION
Masses of the heavy tetraquark ground (1S) states calculated in the diquark-antidiquark picture are presented in Table III . In this table we also give possible experimental candidates for charmed and charmed-strange tetraquarks.
In the charmed meson sector the situation is rather complicated. Comparing results presented in Tables I and III Tables I, III) . This excludes the interpretation of these anomalously light D s mesons as the heavy diquark-antidiquark (tetraquark) states in our model. Instead, we find that the lightest scalar 0 + tetraquark, composed from the scalar [cq] diquark and scalar [sq] antidiquark, has a mass consistent with the controversial D s (2632) observed by SELEX [18] . The D * sJ (2860) meson, observed by BaBar [23] both in DK and D * K modes, 1 has mass coinciding within experimental error bars with the prediction for the mass of the tensor 2 + tetraquark, composed form the axial vector {cq} diquark and axial vector {sq} antidiquark. The rather high value of its spin can explain the non-observation of this state by Belle in B decays.
In Table IV we compare our results for the masses of the charmed-strange diquarkantidiquark bound states with the predictions of Refs. [13] [14] [15] [16] . From this table we see that only the model of Ref. [13] gives masses of scalar and axial vector tetraquarks compatible with the observed masses of the D * s0 (2317) and D s1 (2460) mesons. All other models predict factors in the model where all parameters were previously fixed from considerations of meson properties. Different dynamical approaches were applied in Refs. [14] [15] [16] . The authors of Ref. [14] calculate diquark-antidiquark mass spectra in the quark model employing the QCD potential found by means of the AdS/QCD correspondence. Tetraquark masses are calculated in Ref. [15] in the nonrelativistic quark model including both the confining interaction and meson exchanges, while in Ref. [16] the coupled-channel formalism is employed. In the latter two approaches the anomalous charmed-strange mesons could be only accommodated as a mixture of quark-antiquark and tetraquark states with a phenomenologically adjusted mixing interaction. Thus it seems to be unlikely that the D * s0 (2317) and D s1 (2460) could be pure diquark-antidiquark bound states.
V. CONCLUSIONS
We calculated the masses of heavy tetraquarks with open charm and bottom in the diquark-antidiquark picture using the dynamical approach based on the relativistic quark model. Both diquark and tetraquark masses were obtained by the numerical solution of the quasipotential wave equation with the corresponding relativistic potentials. The diquark structure was taken into account in terms of diquark wave functions. It is important to emphasize that, in our analysis, we did not introduce any free adjustable parameters but used their values fixed from our previous considerations of heavy and light hadron properties. It was found that the D * 
